It is a great challenge to take over the responsibility of providing readers of the JACC with this annual review that highlights key contributions in the cardiovascular surgery literature. This task has been handled with remarkable and enviable efficiency by Robert H. Jones, MD, over the past 5 years. During the series, Dr. Jones altered the format from time to time, generally focusing on reports linking outcomes of patients to decisions about whether an operation should be done. Recognizing the increasing awareness of patients regarding the "how" of surgical procedures, he also sought to highlight relevant data that would help practicing cardiologists counsel patients regarding surgical strategy.
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This year we will continue to highlight articles describing outcomes as well as strategy in cardiovascular surgery that practicing cardiovascular specialists will find informative and relevant to patient care. We have organized original articles around general topics, and provide insight into the potential relevance or methodological flaws that readers should consider when evaluating their significance.
Surgery for Valvular Heart Disease
Restrictive annuloplasty and ischemic mitral regurgitation. FUNCTIONAL MITRAL STENOSIS. Dobutamine stress echocardiography (DSE) and 6-min walk tests (6MWT) were performed in 24 patients Ϸ1 year after ischemic mitral valve repair by a strategy of downsized "restrictive" ring annuloplasty combined with coronary artery bypass graft surgery (CABG) (1) . None of the patients had significant recurrence of mitral regurgitation. When compared with controls with coronary artery disease matched for age, sex, and left ventricular function, however, very significant differences (p Ͻ 0.001) were noted in resting and stress peak mitral valve gradients (resting: 13 Ϯ 4 mm Hg vs. 4 Ϯ 1 mm Hg; DSE: 19 Ϯ 6 mm Hg vs. 6 Ϯ 3 mm Hg) and pulmonary artery pressures (resting: 42 Ϯ 13 mm Hg vs. 27 Ϯ 8 mm Hg; DSE: 58 Ϯ 12 mm Hg vs. 38 Ϯ 11 mm Hg). The resting peak mitral gradient correlated with systolic pulmonary artery pressures and 6MWT distance in the restrictive annuloplasty group, suggesting that some patients may trade moderate or severe ischemic mitral regurgitation for functional mitral stenosis after restrictive annuloplasty (Fig. 1) .
LEFT VENTRICULAR REVERSE REMODELING AND IMPROVED
SURVIVAL. Long-term results were reported for 108 patients with ischemic mitral regurgitation who underwent restrictive mitral annuloplasty and CABG (2) . Actuarial 1-, 3-, and 5-year survival rates were 87 Ϯ 3.4%, 80 Ϯ 4.1%, and 71 Ϯ 5.1%. Pre-operative left ventricular end-diastolic diameter (LVEDD) Ͼ65 mm was strongly associated with poorer survival (hazard ratio: 3.4: 95% confidence interval [CI]: 1.5 to 7.4; p ϭ 0.002) (Fig. 2) . Late echocardiography was performed in all survivors (n ϭ 75), with a mean follow-up interval of 3.8 years (range 2.1 to 6.0 years). Mitral regurgitation grade was Ͻ2ϩ in 85% of patients, and mitral stenosis was not observed (transmitral gradient mean 3.9 Ϯ 1.7 mm Hg). In the Յ65 mm LVEDD group, all survivors showed evidence of decreased ventricular size and reverse remodeling, which contrasted with only 25% of patients in the LVEDD Ͼ65 mm group.
COMMENT. Ischemic mitral regurgitation results from leaflet tethering due to papillary muscle displacement secondary to ventricular remodeling. These studies highlight the debate around treating a "ventricular disease" at the mitral annular level. One unique feature of both studies is that surgeons systematically downsized semirigid complete rings and eliminated mitral regurgitation in a durable fashion in most patients, in contrast to a large body of previous literature where surgeons utilized flexible bands or rings. Functional mitral stenosis has not previously been reported with this strategy, suggesting the need for further investigation. Given the paucity of data supporting a survival benefit for surgical treatment of ischemic mitral regurgitation, patients with advanced ventricular remodeling with LVEDD Ͼ65 mm should be considered for adjunctive or alternative strategies rather than restrictive mitral annuloplasty and CABG alone. Thromboembolic complications after mitral surgery. The long-term risk of ischemic stroke and bleeding was determined in 1,344 consecutive patients (mean age 65 Ϯ 12 years) after mitral valve surgery (897 mitral valve repairs, 231 mechanical mitral valve replacements, 216 biological mitral valve replacements) (3) . The rate of ischemic stroke was lowest after mitral valve repair versus mitral valve replacement with biologic or mechanical prostheses (6.1 Ϯ 0.9% vs. 8.0 Ϯ 2.1% and 16.1 Ϯ 2.7% at 5 years, respectively; p Ͻ 0.001) (Fig. 3) . Mechanical mitral valve replacement was an independent risk factor for increased long-term bleeding risk (relative risk: 2.5, 95% CI: 1.5 to 3.9), which was reduced after mitral valve repair (relative risk: 0.39, 95% CI: 0.25 to 0.61).
COMMENT. An invited editorial brought up significant points, including the increased stroke risk among patients undergoing mitral valve surgery (including repair) during the first 30 days after surgery compared with age-matched patients: this point may have implications for the debate over early intervention in asymptomatic patients (4). Emphasis was also placed on the need to "balance" the risk of bleeding and thromboembolism during the early postoperative period. This study re-emphasizes the importance of documenting "late morbidity" when evaluating efficacy of a cardiac surgical procedure, and reinforces the desirability of mitral repair over mechanical valve replacement in most patients. Left ventricular ejection fraction (LVEF) after surgery for mitral valve prolapse. Post-operative echocardiographic findings (mean period between surgery and echocardiogram was 5 Ϯ 1.8 days) after mitral repair (n ϭ 779) or mitral valve replacement (n ϭ 82) for leaflet prolapse were analyzed retrospectively to determine early changes in ventricular size and function (5) . Although left ventricular and left atrial size were significantly decreased postoperatively compared with pre-operative measurements, LVEF decreased by a mean of 8.8% (Table 1) . Multivariate analysis identified pre-operative atrial fibrillation (AF), advanced New York Heart Association functional class, greater left ventricular dimensions, lower LVEF, and larger left atrial size as independent predictors of a lower postoperative LVEF. Echocardiographic Changes in the Early Post-Operative Setting After Mitral Valve Surgery COMMENT. This large series suggests that the typical patient experiences almost a 10% decline in LVEF during the early post-operative period after degenerative mitral valve repair. No difference was observed in post-operative changes in ventricular dimensions or function between patients undergoing chordal-sparing valve replacement and mitral repair. No data were presented to clarify the potential recovery of left ventricular function in patients with decreased LVEF immediately after mitral surgery. Durability of mitral valve repair for degenerative disease. The long-term durability of mitral valve repair for degenerative disease was compared between cohorts of patients with fibroelastic deficiency (n ϭ 265) and Barlow's disease (n ϭ 83) (6) . At 10 years, the freedom from reoperation was 94.4%, but the freedom from mitral regurgitation more than grade 2/4 was only 64.9%. After accounting for surgical factors, including nonuse of annuloplasty rings in some patients, there was no significant difference between the linear rate of recurrent mitral regurgitation more than grade 2/4 for fibroelastic deficiency versus Barlow's disease (2.2% vs. 2.9%, p Ͼ 0.5) ( Table 2 ). The primary mechanisms for recurrent mitral regurgitation were new leaflet prolapse, thickening, and calcification.
COMMENT. The etiologic differentiation of degenerative mitral valve disease has important implications for timing of surgical intervention, operative strategy, and matching complexity of disease to surgical expertise (7); and this paper is the first to attempt to define outcomes according to degenerative mitral etiology, as opposed to leaflet involvement (e.g., bileaflet, anterior leaflet, posterior leaflet) or repair technique (e.g., chordal replacement or shortening, annuloplasty ring or suture annuloplasty). An invited editorial highlighted the significant pathologic and surgical differences between Barlow's disease and fibroelastic deficiency (Fig. 4) , and noted that certain patients were likely misclassified as Barlow's disease or fibroelastic deficiency, limiting the robustness of the study (8) . The observed recurrence rate of significant mitral regurgitation suggests the need for The pathology of degenerative mitral valve disease and thus the skill required to achieve a successful repair varies with etiology: (A) fibroelastic deficiency resulting in chordal rupture with single segment prolapse (P1). The pathology is limited to the P1 segment and the valve was easily repaired with a limited triangular resection and ring annuloplasty (B). (C) In contrast, Barlow's disease typically occurs in younger patients (age Ͻ65 years) and is characterized by multisegment prolapse and marked excess tissue; repair techniques are more complex and include extensive resection, annular plication, sliding plasty, commissuroplasty, and large ring annuloplasty (D).
Modified with permission from Adams and Anyanwu (8) .
Linearized Recurrence Rates (in Percent Per Year) for Mitral Regurgitation After Mitral Valve Repair (9) . Operative mortality declined over the study period (20%, 1990 to 1999, vs. 10%, 2000 to 2005; p ϭ 0.04). Predictors of excess mortality included very low pre-operative mean gradient (Յ20 mm Hg) and multivessel coronary disease. In the subgroup that underwent DSE (n ϭ 83), perioperative mortality was 38% among patients without contractile reserve versus 8% among patients with contractile reserve; multivessel disease and lack of contractile reserve were independent predictors of perioperative mortality.
COMMENT. This retrospective study involving 11 European centers is the largest to date analyzing outcomes in this difficult patient subgroup. A clear explanation for the decline in operative mortality in recent years was sought, but was not obvious. Dobutamine stress echocardiography may be a useful tool for risk stratification in this setting and may have been increasingly utilized in recent years. Data regarding post-operative functional status and quality of life were not available.
Transcatheter aortic valve implantation. M A N A G E M E N T AND OUTCOMES IN REFERRED PATIENTS.
Experience with 105 high-risk patients referred to a transcatheter aortic valve implantation (TAVI) program was described (10) . Therapeutic modalities included continued medical management (n ϭ 52, 49.5%), balloon aortic valvuloplasty (BAV) (n ϭ 16, 15.2%), conventional aortic valve replacement (n ϭ 16, 15.2%), and TAVI (n ϭ 21, 20%). TAVI was limited to selected patients meeting inclusion criteria for transcatheter trials or compassionate use. The Society of Thoracic Surgeons (STS) predicted mortality risk score was greatest for the patients who underwent BAV. The 30-day mortality was 6.3% for conventional aortic valve replacement, 9.5% for TAVI, 12.5% for BAV, and 13.5% for patients under medical management. Overall mortality was highest for the BAV (37.5%) and medical management groups (42.3%) after average follow-up of 159 Ϯ 147 days (Fig. 5) .
PROGRESS WITH SUCCESSIVE DEVICE GENERATIONS.
A single institution reported their experience with TAVI in 136 consecutive high-risk aortic stenosis patients with successive generations of an aortic prosthesis (CoreValve ReValving Prosthesis, CoreValve, Irvine, California) (11) . Each generation was reduced in caliber (25-to 21-to 18-F) to facilitate vascular access and device deployment. The procedural success rate (defined as stable device placement with absence of major adverse clinical cardiac events [MACCE], including cardiac tamponade within 24 h of the procedure) increased from generation 1 and 2 versus 3 from 70.0% and 70.8% to 91.2%, respectively (p ϭ 0.003). Of note, the periprocedural stroke rate decreased from Ϸ10% with the first-generation devices to Ͻ5% with the third-generation device. Similarly, periprocedural mortality decreased from 10% and 8% with first-and second-generation devices to 0% In another study, results with transapical TAVI (Edwards Lifesciences) were described for 50 high-risk patients with symptomatic, severe aortic stenosis in a single center (13) . Mean patient age was 82.4 Ϯ 4.6 years, 39 (78%) were female, and the average EuroSCORE (European System for Cardiac Operative Risk Evaluation) predicted mortality risk was 27.6%. Cardiopulmonary bypass was used in 16 of 50 (32%) patients, and 3 patients required conversion to sternotomy to deal with surgical complications. Overall survival at 30 days, 6 months, and 1 year was 92 Ϯ 3.8%, 73.0 Ϯ 6.2%, and 71.4 Ϯ 6.5%, respectively, and all patients had documented satisfactory valve function at echocardiographic evaluation. No perioperative strokes were noted, and there was a trend toward improved survival among the patients during the latter half of the study.
COMMENT. These studies are the largest to date in the rapidly emerging field of TAVI. Initial experience certainly suggests that TAVI is a viable approach and may at least be comparable to conventional aortic valve replacement in very high risk surgical patients. Although the results do not match those of conventional aortic valve replacement, it is likely that the highest-risk patients in current TAVI series would not have been accepted for conventional surgery, so the 2 groups are not directly comparable. There is evidence that evolving technology, improved patient selection, and growing procedural experience will result in improved outcomes. Bicuspid regurgitant aortic valve repair. A systematic surgical approach to valve repair was applied in 63 consecutive patients (mean age 40 Ϯ 12 years) with pure aortic valve regurgitation (unicuspid valve, n ϭ 4; bicuspid valve, n ϭ 59) (14) . A systematic segmental morphology-specific approach was applied to bicommissural aortic valve repair, taking into consideration cusp morphology, commissural variations, and root pathology. One of 4 unicuspid and 41 of 59 (69%) bicuspid valves were initially repaired. Four patients required reoperation for recurrent aortic regurgitation Ն3ϩ (3 early and 1 at 8 months), with 1 re-repair and 3 replacements. Early failures were attributed to tissue quality and fragility. A review of echocardiographic findings and surgical technique identified cusp mobility/pliability as a predictor of repairability.
COMMENT. An invited editorial highlighted the general weaknesses, such as small patient numbers, limited follow-up, and lack of clarity as to precise criteria that would eliminate the option of repair, inherent in early pioneering surgical studies (15) . Nonetheless, this attempt to apply a "mitral repair-like" systematic lesionspecific approach to aortic valve repair in the setting of isolated bicuspid regurgitation is an important first step.
Surgery for Coronary Artery Disease
Comparison of CABG and percutaneous coronary intervention. STENT In another study, the outcomes of 1,102 patients with unprotected left main coronary disease who underwent PCI (DES, 71.1%; bare metal stent, 28.9%) and 1,138 patients who underwent CABG in 12 major cardiac centers in Korea between January 2000 and June 2006 were compared using propensity score matching (17) . In the overall matched cohort, there was no significant difference between the stenting and CABG groups in the risk of death or the risk of composite outcome of death, myocardial infarction (MI), and stroke (Fig. 6 ) during the 3-year follow-up period. The rates of target vessel revascularization were significantly higher in the group that received stents than in the group that underwent CABG (hazard ratio: 4.76; 95% CI: 2.80 to 8.11).
COMMENT. The broader off-label application of PCI to patients with left main coronary disease remains controversial. Left main PCI appears to be feasible, safe, and associated with a high technical success rate. The rate of major adverse events was similar between PCI and CABG for left main disease after a follow-up period averaging 3 years, suggesting it is a viable treatment option for high-risk patients with limited life expectancy. The incidence of target vessel revascularization remains higher in the PCI group; a State-of-the-Art review pointed out that this may not come without penalty in the long term, especially for patients with distal left main or bifurcation lesions (18) . There remains a crucial need for data from adequately powered, prospective, randomized trials comparing the 2 revascularization strategies in (Fig. 7) . Similar significant differences in survival and freedom from MI favoring CABG were observed among patients with 2-vessel disease.
COMMENT. This large comparative observational study of recent outcomes from a state-wide database with mandatory reporting ("real-world data") indicates that CABG may be associated with lower midterm rates of death, death or MI, and repeat revascularization for patients with 3-and 2-vessel coronary disease. An accompanying editorial comments on the potential for selection bias, as the New York Database may not capture all relevant predictive variables, particularly those that govern physician decisions in deciding which revascularization strategy to recommend (21) . For example, dementia was not included in the risk-adjusted model, although it may have biased physicians toward PCI and may be linked to worse prognosis. During the study period, the duration of antiplatelet therapy was shorter than is now recommended to decrease the rate of DES thrombosis, potentially negatively affecting PCI outcomes. Cerebrovascular events were not reported in this study, and no long-term follow-up data are available. 
PCI VERSUS INTERNAL MAMMARY ARTERY GRAFTING FOR LAD
DISEASE. The SIMA (Stenting Versus Internal Mammary Artery Grafting) trial reported the 10-year clinical outcomes of a cohort of 123 patients with proximal left anterior descending artery (LAD) disease prospectively randomly assigned to bare-metal stenting (n ϭ 62) or single-vessel internal mammary artery (IMA) grafting to the LAD (n ϭ 59) (22) . At 10 years, the incidences of death and MI were identical at Ϸ10% in both groups; repeat revascularization of the LAD was required in 15 patients in the PCI group (25%) compared with none in the CABG group (p Ͻ 0.001), and the incidence of non-LAD revascularization was similar, with 3 patients in each group (5%) ( Table 3) . Eight patients from the PCI group underwent CABG as an additional revascularization procedure. At 10 years, most of the patients in both groups were either asymptomatic (93%) or reporting mild angina (7%).
COMMENT. Very long-term outcome data comparing revascularization strategies for isolated proximal LAD disease are scarce. The results suggest that CABG and PCI are comparable, albeit with a much higher rate of repeat revascularization within the first few years with bare-metal PCI. Drug-eluting stents might decrease the incidence of repeat revascularization with PCI in a similar cohort, but data are lacking. No patient required repeat LAD reintervention after IMA grafting, underlining the efficacy of this intervention. It is also interesting to note that, despite aggressive statin therapy becoming prevalent only in the later part of the study, only 5% of patients required subsequent non-LAD revascularization. The risk of disease progression in patients undergoing isolated LAD revascularization appears to be quite low.
Risk modification in CABG patients. AGGRESSIVE STA-TIN THERAPY FOR PATIENTS AFTER CABG.
A total of 4,654 patients with previous CABG were randomly allocated to receive atorvastatin 80 mg/day (n ϭ 2,316) or 10 mg/day (n ϭ 2,338) and followed up for a median of 4.9 years (23 Reprinted with permission from Goy et al. (22) . CABG ϭ coronary artery bypass grafting; LAD ϭ left anterior descending; MI ϭ myocardial infarction; PTCA ϭ percutaneous transluminal coronary angioplasty; TLR ϭ target lesion revascularization; TVR ϭ target vessel revascularization.
the exception of higher rates of sternal wound infection. Other data including that from the STS database, however, suggest that CABG in diabetic patients is associated with increased post-operative mortality and morbidity. Further studies with significantly larger number of patients are required to determine whether HbA1c may be useful for pre-operative risk stratification and to determine whether pre-operative "normalization" of this marker leads to improved surgical outcomes. Graft patency after CABG. A 1-year coronary angiography follow-up study was performed on a cohort of 1,920 patients from the PREVENT IV (Project of Ex-Vivo Vein Graft Engineering via Transfection IV) trial to determine independent factors associated with graft patency after primary on-or off-pump CABG (26) . After confounding factors were adjusted for, target artery quality, graft type and quality, endoscopic harvest technique, and sequential grafting were found to be independent predictors of vein graft failure defined as Ն75% graft stenosis. The rate of vein graft failure was 25.3% in the on-pump group compared with 25.7% in the off-pump group (p ϭ 0.6). Poor vein graft quality and endoscopic vein harvest were both associated with increased graft failure in all CABG patients and affected off-pump patients more than on-pump patients (OR: 1.89 and 1.78 vs. 1.09 and 1.27, respectively).
COMMENT. Several risk factors for graft failure after CABG such as target and graft quality, and graft type (saphenous vein vs. internal mammary artery) are well established. A provocative finding in this study was that endoscopic vein harvest, popularized during the last decade because of fewer leg wound complications and better cosmesis, was associated with an increased rate of graft failure, particularly among off-pump patients. Additional studies are required to confirm these findings and to identify the potential injury mechanisms associated with endoscopic vein harvesting.
Surgery for Advanced Heart Failure
Long-term ventricular assist device (VAD) outcomes in the Medicare population. A retrospective analysis of Medicare claims for VAD reimbursement between 2000 and 2006 identified 1,476 patients (mean age 63 Ϯ 13.4 years) for whom a device was used as a primary therapy and 1,467 patients (mean age 69 Ϯ 10 years) who received a VAD for treatment of post-cardiotomy shock (low cardiac output after heart surgery), in a total of 570 U.S. hospitals (27) . Of the primary device group, 65% were operated on in heart transplant hospitals, compared with only 35% in the post-cardiotomy group. More than 50% of implants were done in hospitals that did Ͻ5 of these operations per year, with a median volume of 1 implant per hospital per year. The 1-year survival (with device, after device removal, or with transplantation) was 52% in the primary device group versus 31% in the post-cardiotomy group (Fig. 8) . Factors associated with worse survival included age Ͼ65 years, peripheral vascular disease, renal disease, and an annual hospital volume of Ͻ5 implants (post-cardiotomy group only). One-year Medicare payments for inpatient care of primary device patients and post-cardiotomy patients were $222,039,342 and $150,887,516, respectively.
COMMENT. High mortality and costs after VAD implantation in the Medicare cohort is a complex issue that is only partially explained by the inherent risk of this population. The observation that the median volume of implants per hospital was 1/year is likely a major contributor to the suboptimal outcomes experienced with VAD therapy in this cohort. A report this year from a high-volume VAD center documenting a 77% 1-year survival among 23 patients with a mean age of 68 years supports the premise that higher volumes yield superior outcomes with VAD therapy (28) .
Data were not available regarding the generation of VAD implanted in the Medicare cohort, but older first-generation devices were likely implanted in the majority of patients given the time period. One can anticipate newer generation continuous-flow devices, which are being increasingly utilized, will result in great reduction in mortality and morbidity associated with VAD therapy. opathy) trial were reported (30) . One hundred twenty patients with ischemic cardiomyopathy undergoing CABG were randomly allocated to injection of either low-dose (n ϭ 33) or high-dose (n ϭ 30) autologous skeletal myoblast cells or placebo (n ϭ 34) into akinetic, nonrevascularized myocardium (23 patients did not receive assigned intervention). Myoblast injections did not yield any difference in primary end points (global and regional left ventricular function at 6 months) in the treatment arms compared with the control arm (Fig. 9) . There was also no difference in the New York Heart Association functional class or quality of life among the 3 groups. There was no significant increase in incidence of major adverse events in the intervention group. There was a trend toward a decrease in left ventricular size, but also a higher incidence of ventricular arrhythmias, in the high-dose treatment arm.
COMMENT.
A "Clinical Perspective" published with this article (30) highlighted the significant points learned from this rigorous randomized, prospective, doubleblinded study: 1) implanted myoblasts may increase paracrine signaling; 2) it remains suspect that there is any positive impact on patient outcomes; and 3) further optimization of the "best cells," their method of delivery, and strategies enabling the enhancement of graft survival and functional integration remain to be defined. Mortality was higher when concurrent procedures were performed, rising to 33% for CABG plus valve surgery, and to 58% for CABG plus ventricular septal defect repair (Fig. 10) . Less than 3% of cardiogenic shock patients received ventricular assist devices.
COMMENT. CABG as treatment for cardiogenic shock complicating MI remains associated with a high early mortality rate. A simple bedside risk score was also presented that accurately stratified patients into those with low (Ͻ10%) to very high (Ͼ60%) mortality. The highest risk subgroups may benefit from wider application of newer generation temporary ventricular assist devices. Cardiac transplantation-expanding the donor pool. Donor left ventricular hypertrophy and donor cocaine use are relative contraindications to heart donation. In a retrospective review of 427 heart transplants performed with hearts from donors without (n ϭ 365) or with (n ϭ 62) left ventricular hypertrophy (classified based on septal or posterior wall thickness as mild, 1.2 to 1.3 cm, n ϭ 26; moderate, 1.4 to 1.7 cm, n ϭ 33; or severe, Ͼ1.7 cm, n ϭ 3), there was no significant difference in 1-year (97% vs. 91%, p ϭ 0.2) or 5-year (84% vs. 70%, p ϭ 0.07) survival (32) . Regression of left ventricular hypertrophy in the transplanted hearts was observed over time under tailored medical therapy. A retrospective analysis of data from the United Network of Organ Sharing registry compared data on 931 transplants from donors with a history of cocaine abuse with those of 7,006 transplants in which the donor was never known to have used cocaine and found a similar 1-year survival regardless of whether the donor was a current (86%), past (89%), or nonuser (86%) of cocaine (33) . Similar survival rates existed after adjustment for known risk factors.
COMMENT. Broadening of the donor pool to include donors regardless of past or current cocaine use seems to be safe. Donors with left ventricular hypertrophy can also be safely transplanted, but collaborative registry data would strengthen this concept. Some caution may be warranted-for example, no patients with left ventricular hypertrophy in the currently analyzed cohort had long ischemic times (Ͼ240 min), so it may still be necessary to tailor decision making to use such donor hearts, based on available data.
Aortic Surgery
Endovascular repair of thoracic aneurysms. Results of a phase 2 multicenter study involving 140 patients with descending thoracic aneurysms treated by endovascular stent grafting between 1999 and 2001 was reported, with 94 nonrandomized patients undergoing surgical repair acting as a control group (34) . At 5 years, aneurysmrelated mortality was lower for the endovascular stent group compared with the control group (2.8% vs. 11.7%, 
p Ͻ 0.008) because of improved perioperative survival. The incidence of major adverse events, including death at 5 years, was also significantly lower in the endovascular stent group, reflecting an early reduction in major adverse events (Fig. 11) . There was no statistically significant difference between groups for death from all causes. Another single center reported a retrospective comparison between 352 endovascular repairs and 372 surgical repairs of descending thoracic and thoracoabdominal aneurysms operated on between 2001 and 2006 (35) . The 30-day (5.7% vs. 8.3%, p ϭ 0.2) and 1-year mortality (15.6% vs. 15.9%, p ϭ 0.9) were similar between endovascular and surgical groups, respectively. There was a trend toward more spinal cord ischemic events in the surgical cohort (7.5% vs. 4.3%, p ϭ 0.08).
COMMENT. The primary limitation of these studies is their nonrandomized nature, and resultant differences between treatment groups. In the latter study (35) , stented patients were on average 9 years older and had more comorbidities. The multicenter study also suffered from incomplete follow-up, with more than one-quarter of patients lost to or refusing follow-up during the trial (34) . It appears that endografting of descending thoracic aortic aneurysms is a safe and effective method of repair for anatomically suitable lesions, with immediate results comparable to those of open surgical repair. Results and durability for this procedure beyond 5 years are still unknown.
Atrial Fibrillation
Surgery for AF at the time of mitral surgery. Data from 10 U.S. and European centers participating in an international registry were analyzed to determine the clinical benefit of concomitant AF surgery in patients undergoing mitral valve surgery (36) . Patients with follow-up of at least 1 year (n ϭ 972) were divided into 3 groups based on whether they were in stable sinus rhythm (sinus rhythm documented at all follow-up visits within 1 year), stable AF (AF documented at all follow-up visits), or an unstable rhythm (all other rhythms). At the time of surgery, Ͼ70% of patients were considered to have permanent AF, with the remainder either in paroxysmal or persistent AF. Surgical techniques to treat AF varied according to the discretion of the surgeon and included different energy sources and cut-and-sew techniques. The cut-and-sew type maze procedure was found to be an independent risk factor for operative mortality (OR: 8.92, p ϭ 0.009). At 1 year, 66% of patients were in stable sinus rhythm, which was associated with higher early and late survival compared with stable AF and other rhythms (p ϭ 0.01, log-rank analysis) (Fig. 12) , as well as greater freedom from thromboembolic events (p ϭ 0.01, log-rank analysis).
COMMENT. This study was based on data from a voluntary registry, which is inherently prone to selection and reporting bias. Lesion sets were described as "maze III, non-maze biatrial, left side only, and right side only," but each of these terms covers a wide spectrum of surgical strategies and efficacy, and without better standardization, it is difficult to assess whether the relatively low reported freedom from AF at 1 year was due to suboptimal surgical techniques. The data are further compromised by the lack of standardization of follow-up protocols. Holter monitoring was used largely on an ad hoc basis. Another confounder not accounted for was the type of mitral surgery: no data were presented on whether patients underwent valve replacement or repair, but since Ͼ50% of patients were noted to have rheumatic disease, one can assume a high proportion of patients received mechanical valves, which present an additional burden of risk for events (3) . Nonetheless, these data emphasizes the importance of continued efforts to develop strategies for AF in the setting of mitral valve disease. Atrial fibrillation after CABG. A prospective observational study of 1,832 patients undergoing CABG was conducted to determine the impact of post-operative AF on survival (37) . Atrial fibrillation developed in a total of 570 (31%) patients. Compared with patients who did not have post-operative AF, hospital mortality (3.3% vs. 0.5%, respectively; p Ͻ 0.001) and late mortality (2.99 of 100 person-years vs. 1.34 of 100 person-years, respectively; adjusted hazard ratio: 2.13, p Ͻ 0.001) were increased in patients with post-operative AF. After adjustment for confounding variables, post-operative AF was found to increase the risk of cardiac mortality threefold, and quadrupled the risk of clinically significant embolic events.
COMMENT. This study is limited by its observational nature, reliance on self-reporting of post-operative arrhythmias, lack of data about the duration of AF, and lack of standardized protocols for rhythm management and anticoagulant therapy and monitoring. While the data reinforce the likelihood that post-operative AF after CABG is independently associated with mortality, the degree to which AF is a cause of the excess mortality as opposed to a marker of susceptibility for death cannot be determined. Further study is required to determine whether measures to prevent AF translate into reduced CABG mortality. Left atrial appendage closure. A retrospective analysis of 137 patients who underwent transesophageal echocardiography after surgical closure of the left atrial appendage was performed to determine the success of atrial appendage closure techniques (38) . Techniques included excision (38%), internal suture of the orifice from the left atrium (53%), and stapler exclusion (9%). Successful closure of the left atrial appendage occurred in 73% of patients after excision versus 23% with suture and 0% with staple exclusion (p Ͻ 0.001). Left atrial thrombus was common (41%) in patients with failed attempted closure of the left atrial appendage.
COMMENT. It is somewhat surprising that only 40% of patients in the study had successful obliteration of the left atrial appendage. The data may not be representative in that the 137-patient cohort, selected on the basis of a postoperative transesophageal echocardiography study, represented a small sample of the overall cohort (n ϭ 2,546) who had left atrial appendage closure during the study period at this institution. Although excision was more successful than exclusion techniques, this approach may not be applicable to all patients, such as patients undergoing reoperation and elderly patients with fragile tissue. Although stapling techniques are particularly attractive in minimally invasive approaches to AF surgery, this study suggests they are largely ineffective, possibly because the stapler cannot generally be applied down to the true base of the appendage. There is a need for further research into alternative strategies to exclude the left atrial appendage (39); decision making regarding anticoagulation therapy management and the safety of cardioversion in the post-operative setting should not be altered unless an imaging study has confirmed the success of a surgical left atrial appendage closure procedure.
Minimally Invasive Surgery
Robotic mitral valve repair. COMMENT. This is the largest series to date demonstrating the safety and efficacy of robotic mitral valve repair performed on well-selected patients in a high-volume center. Factors contributing to the low penetration of robotic heart surgery include complexity of the technique, lack of applicability to the majority of patients needing heart surgery, logistic complexities involved in its set-up, prolonged operative times, high level of skill and training required to do the procedures, lack of definite evidence of benefit, availability of alternative conventional surgical techniques that are safe and at least as effective, and high costs (set-up costs are as high as $1 million U.S. dollars, and additional costs of disposables per case are as high as $2,000 U.S. dollars). One of the key expected economic benefits of robotic heart surgery-reduced hospital length of stay-does not appear to have materialized.
Transfusion and Coagulation
Red cell storage and complications after cardiac surgery. The outcomes of 2,872 patients undergoing CABG, valvular heart surgery, or both, between 1998 and 2006, who received 8,802 units of blood that had been stored for 14 days or less were compared, using propensity analysis, to the outcomes of 3,130 patients receiving 10,782 units of blood that had been stored for Ͼ14 days (41). The 2,364 patients who received a mix of newer and older blood were excluded from the analysis. The distribution of the number of red cell units transfused per patient was similar in both groups. Patients given older blood had higher in-hospital mortality (2.8% vs. 1.7%, p ϭ 0.004), and higher incidences of respiratory failure (9.7% vs. 5.6%, p Ͻ 0.001), renal failure (2.7% vs. 1.6%, p ϭ 0.003), and sepsis (4.0% vs. 2.8%, p ϭ 0.01). Midterm survival was significantly lower for patients given older blood (Fig. 13 ).
COMMENT. The major finding of this study was that transfusion of red cells stored for Ͼ2 weeks increased the relative risk of post-operative death by 30%, as well as the risk of major perioperative morbidity. Although it may be impractical to classify blood as outdated earlier than current recommendations, this study certainly suggests the need for further investigation as well as possible alterations in bloodbanking procedure and policy to limit potential harm to patients from the use of older blood. Risk of anemia in cardiac surgery. The outcomes of 774 patients with mild to moderate anemia (defined as hemoglobin between 9.5 and 12.5 g/dl) who underwent elective cardiac surgery during 2004 at 7 institutions were compared with those of 2,512 patients without anemia who underwent cardiac surgery during the same period (42) . Propensity matched outcomes analysis was applied to 515 pairs. The risk-adjusted OR obtained by propensity score matching for the composite outcome of in-hospital death, stroke, or acute renal failure in patients with anemia was 1.8 (95% CI: 1.2 to 2.7, p ϭ 0.005) when compared with patients without pre-operative anemia.
COMMENT. In this analysis, even after adjusting for comorbidities and intraoperative blood transfusion, anemia (which had a prevalence of Ͼ25% in elective cardiac surgical patients in this cohort), appeared to be an independent risk factor for major adverse post-operative outcomes. Because of the retrospective nature of the study, and because neither the cause nor the duration of pre-operative anemia was described, it is impossible to determine whether anemia was a marker for severity of underlying and occult disease rather than a direct cause of adverse outcome. There were no follow-up data beyond the initial hospitalization. Aprotinin in cardiac surgery. The post-operative outcomes of 1,343 patients undergoing CABG with or without concomitant valve surgery between 1996 and 2005, and who received aprotinin, were compared with those of 6,776 patients who received aminocaproic acid and 2,029 patients who received no antifibrinolytic therapy (43) . The mortality rate in the aprotinin group was 6.4%, compared with 2.4% in the aminocaproic acid group, and 2.2% for the group receiving no antifibrinolytic agent; after risk adjustment, the hazard ratio for death of patients treated with aprotinin compared with patients receiving no antifibrinolytic therapy or patients receiving aminocaproic acid was found to be 1.32
Figure 13 Kaplan-Meier Estimates of Survival and Death After Transfusion of Older or Newer Blood
Patients receiving blood exclusively older than 14 days (blue circles and lines) had a higher rate of death during the early post-operative period (inset) and experienced significantly poorer survival at 1 and 2 years after cardiac surgery than did patients who received exclusively blood that was Ͻ14 days old (yellow circles and lines). Solid lines represent estimated survival or the rate of death. Dashed lines represent 95% confidence intervals. The numbers above and below the circles on the main graph refer to the patients at risk. Reprinted with permission from Koch et al. (41) .
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Year in Cardiovascular Surgery (95% CI: 1.12 to 1.55, p ϭ 0.003) and 1.27 (95% CI: 1.10 to 1.46, p ϭ 0.004), respectively. Aprotinin use was also associated with a larger risk-adjusted increase in serum creatinine (p Ͻ 0.0001). Another retrospective database study published simultaneously reported a relative risk of in-hospital death of 1.32 (95% CI: 1.08 to 1.63) in a propensity score matched analysis of 33,517 patients receiving aprotinin during CABG compared with 44,682 who did not (44) .
The BART (Blood Conservation Using Antifibrinolytics Trial) investigators subsequently published the results of their prospective randomized trial of aprotinin and lysine analogues in cardiac surgery, with similar findings (45) . Massive bleeding was less common in the aprotinin group, but at the expense of increased mortality, as the relative risk of death compared with patients receiving lysine analogues was 1.53 (95% CI: 1.06 to 2.22). The study was terminated before completion by the Data Safety Monitoring Committee, on the basis of their interim data analysis of 2,163 patients.
COMMENT. Bayer suspended marketing of aprotinin after the decision by the BART investigators to suspend their trial, and the Food and Drug Administration issued a drug recall. A surgical editorial suggested that surgeons were partly responsible for the demise of aprotinin because of uncontrolled use and overwhelming bias toward its benefit (46) .
